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Intraventricular Wenckebach Conduction and Localized Reentry in a
Case of Right Ventricular Dysplasia With Recurrent
Ventricular Tachycardia
LYNDA E. ROSENFELD, MD, WILLIAM P. BATSFORD, MD
New Haven. Connecticut
Serial electrophysiologic studies were performed in a
patient with recurrent ventricular tachycardia of left
bundle branch configuration whose course and nonin-
vasiveevaluation are consistent with a diagnosisof right
ventricular dysplasia. The localization of slowed con-
duction to the right ventricular apex, the reproducible
initiation and termination of tachycardia with pro-
grammed extrastimuli and the presence of continuous
Tachyarrhythmias of right ventricular origin, although un-
common in the absence of valvular, pulmonary or obvious
congenital heart disease, are being recognized as a clinical
entity with increasing frequency (1-4). The accessibility of
the right ventricle for serial electrophysiologic studies offers
an excellent opportunity to document the mechanism of
these arrhythmias.
We present a patient with a 12 year history of recurrent
ventricular tachycardia of left bundle branch configuration,
in whom an extensive noninvasive evaluation demonstrated
diffuse right ventricular dysfunction. Provocative electro-
physiologic studies performed 32 months apart were very
reproducible, documenting the remarkable stability of this
patient's underlying electrophysiologic abnormalities and
localizing the origin of his tachycardia to the right ventric-
ular apex where delayed electrical potentials were recorded.
This report will emphasize the distinctive behavior of these
electrical potentials in response to increasingly premature
stimuli, ventricular pacing, antiarrhythmic drugs and ven-
tricular tachycardia. These findings strongly support the
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electrical activity during tachycardia suggest a reentrant
mechanism for this arrhythmia. Antiarrhythmic drugs
further prolong the already fragmented apical electro-
gram and result in Wenckebach conduction within the
abnormal portion of the right ventricle during pacing
and tachycardia. Electrophysiologic findings are re-
markably similar in studies performed 32 months apart.
presence of a localized reentrant circuit and add to our
understanding of the mechanism of this patient's arrhythmia.
Case History
A 52 year old white man first experienced ventricular
tachycardia of left bundle branch configuration in 1966.
Despite intermittent treatment with antiarrhythmic drugs,
episodes of tachycardia became more frequent and he was
admitted to Yale-New Haven Hospital for the first time on
January 6, 1979.
There was a history of adult onset diabetes mellitus treated
with oral hypoglycemic agents, and a past history of smok-
ing. Chest trauma, tuberculosis, symptoms of congestive
heart failure, myocarditis and pericarditis were denied.
On physical examination, the patient was in no distress;
there was no clubbing or cyanosis. The blood pressure was
130/94 mm Hg; the pulse was 60 beats/min and regular.
The jugular venous pressure was 4 em and a Kussmaul's
sign was described. An early diastolic sound was heard at
the lower left sternal border. The remainder of the exami-
nation was unremarkable.
Laboratory studies. Serum electrolytes, arterial blood
gases and routine hematologic studies were normal. A 12
lead electrocardiogram showed sinus bradycardia, low volt-
age and inverted T waves in leads V1- V5 (Fig. 1). Although
cardiomegaly was apparent on the chest X-ray film, there
was no evidence of pericardial calcification or congestive
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heart failure. The patient was not anergic and results of
intermediate strength purified protein derivative (PPD) test-
ing were negative.
M-mode echocardiography demonstrated a small poste-
rior pericardial effusion and paradoxic septal motion, and
was suggestive of an enlarged right ventricle. Thallium-201
scintigraphy performed at rest showed a normal left ventricle
without evidence of hypertrophy or perfusion defects and
increased lung uptake. The right ventricle was visualized.
A first pass radionuclide angiographic study demonstrated
an enlarged right ventricle. The right ventricular transit time
was markedly prolonged and precluded calculation of the
left ventricular ejection fraction.
First Electrophysiologic Study
All antiarrhythmic drugs were discontinued and on Jan-
aury 15, 1979 the patient underwent electrophysiologic test-
ing in the nonsedated postabsorptive state. A 7 French quad-
ripolar catheter was positioned in the right ventricular apex
while a 7 French tripolar catheter was placed across the
tricuspid valve to record a His bundle electrogram. During
sinus rhythm (sinus cycle length 1,360 ms), the AH and
Figure 1. Twelve lead electrocardiogram at the time of the initial
electrophysiologic evaluation. Standardization = I mV.
HV intervals were 80 and 50 ms, respectively (Fig. 2). The
local apical electrogram was prolonged (l00 ms), frag-
mented and of low amplitude. Programmed electrical stim-
ulation, including single and double extrastimuli introduced
during sinus rhythm and ventricular pacing (cycle length
600 ms), as well as rapid ventricular pacing to 2:1 capture
were performed at the right ventricular apex. A third catheter
was then positioned in the right ventricular outflow tract
and stimulation was repeated from this location. At the time
of this first study, our protocol did not include the intro-
duction of triple extrastimuli. Although increasing delay and
fragmentation of the apical electrogram were seen as stimuli
became more premature, such changes were not observed
in the outflow tract recording, which was 60 ms in duration.
No arrhythmias could be induced. During ventricular pacing
at a cycle length of 600 ms, the refractory period at the right
ventricular apex was 310 ms, while at the outflow tract it
was 320 ms.
Clinical course. The patient was treated empirically with
phenytoin and procainarnide and was discharged. Right heart
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Figure2. Surface electrocardiographic leads I, II
and III, and intracardiac recordings at the time of
the first and second electrophysiologic studies.
HBE = His bundle electrogram; HRA = high
right atrial electrogram; ms = milliseconds;
RVE.pex = local right ventricular electrogram at
the apex; RVEoultlow = local right ventricular elec-
trogram at the outflow tract; TL = time lines.
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failure responsive to diuretic drugs developed during 1980.
His arrhythmia was well controlled until August 1981, when
multiple episodes of symptomatic ventricular tachycar-
dia recurred despite therapy with a variety of antiarrhythmic
drugs, including disopyramide and procainamide. The phys-
ical examination, 12 lead electrocardiogram and chest X-
ray films were unchanged when the patient was readmitted
to Yale-New Haven Hospital on September 4, 1981. An M-
mode echocardiogram demonstrated normal valves and left
ventricular function. A mu1tigated blood pool equilibrium
scan confirmed the echocardiographic findings, showing a
left ventricle of normal size and systolic function (left ven-
tricular ejection fraction 70%) and an enlarged, diffusely
hypocontractile right ventricle.
Second Electrophysiologic Study
The patient's antiarrhythmic medications were again
stopped and repeat electrophysiologic testing was performed
on September 11, 1981. Initially, 7 French quadripolar cath-
eters were placed in the right ventricular apex and high right
atrium, while a 7 French tripo1arcatheter was used to record
the His bundle electrogram. The atrial catheter was later
repositioned in the right ventricular outflow tract.
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During sinus rhythm (sinus cycle length 950 ms), the
AH and HV intervals were 90 and 50 ms, respectively (Fig.
2). At the apex, the right ventricular electrogram was pro-
longed and fractionated and lasted 180 to 190 ms. The
effective refractory period at the right ventricular apex was
380 ms. As during the first study, progressively premature
extrastimuli resulted in increasing delay and fractionation
of the apical right ventricular electrogram. This was ap-
parent even when allowance was made for the increased
latency associated with prematurity (Fig. 3).
As in the earlier study , single or double programmed
ventricular extrastimuli during sinus rhythm produced no
repetitive responses. Triple programmed extrastimuli during
sinus rhythm , however, initiated sustained ventricular
tachycardia , similar to the patient's clinical arrhythmia, with
a left bundle branch , left axis pattern and a cycle length of
510 ms (Fig . 4). This tachycardia was terminated with dou-
ble programmed extrastimuli .
Intravenous administration of 475 mg of quinidine glu-
conate produced further prolongation of the apical electro-
gram (duration 240 ms at a sinus cycle length of 900 ms),
but did not prevent initiation of tachycardia . After quinidine ,
the late right ventricular apical potential exhibited a Wencke-
bach pattern during tachycardia with progressive delay and
then disappearance of this potential in a 3:2 pattern. This
phenomenon was not observed in the baseline state (Fig.
5). In contrast to the patient 's usual spontaneous arrhythmia ,
this tachycardia had a positive axis. An identical tachycardia
had occurred clinically while the patient was receiving anti-
arrhythmic drugs.
Third Electrophysiologic Study
Because of recurrent episodes of spontaneous tachy-
cardia, treatment was begun with an oral regimen of Procan
SR, 750 mg every 6 hours, and aprindine hydrochloride ,
75 mg twice a day, and on September 17, 1981, electro-
physiologic testing was repeated.
Prolongation of the right ventricular apical electrogram
persisted (duration 260 ms at a sinus cycle length of I , 105
ms) and became more marked with increasing prematurity.
The effective refractory period at the right ventricular apex
was 450 ms during sinus rhythm (sinus cycle length I , 100
ms), and 380 ms during ventricular pacing at a cycle length
of 700 ms. On one occasion, ventricular tachycardia (cycle
length 550 ms) was inducible with triple premature extra-
stimuli during sinus rhythm. The tachycardia was broken
with underdrive pacing at a cycle length of 700 ms and
could not be reproduced despite multiple attempts. Increas-
ingly rapid ventricular pacing produced broad apical elec-
a
HR' 975
Figure 3. Prolongation of the right ventricular
apicalelectrogramas the secondextrastimulus,
53. is made more premature in b as compared
with 3 . Note that an allowance is made for the
increasing latency seen with prematurity. 52
= first extrastimulus and 53 = second ex-
trastimulus, delivered duringsinusrhythm;other
abbreviations as in Figure 2.
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Figure 4. a, Twelve lead electrocardiogram dur-
ing spontaneous ventricular tachycardia (cycle
length = 520 ms). b, Initiation of ventricular
tachycardia of similar configuration (cycle length
= 510 ms) with triple extrastimuli (Sz. S3. S4)
during sinus rhythm. c, Termination of the tachy-
cardia with double extrastimuli (S2, S3)' Abbre-
viations as before .
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trograms extending well beyond the QRS complex of the
surface electrocardiogram. A Wenckebach pattern was sug-
gested by the behavior of the terminal potentials of these
apical electrograms (Fig. 6).
Treatment. A permanent VVI pacemaker was im-
planted to treat persistent sinus bradycardia and to make
underdrive pacing available, if necessary, to break recurrent
tachycardias. The patient was discharged on aprindine hy-
drochloride , 50 mg twice a day, and Procan SR, 750 mg
every 6 hours . He has not had recurrent symptomatic tachy-
cardia in the 14 months since his electrophysiologic study,
although his right heart failure has worsened.
Discussion
This patient's clinical course resembles those of the 22
patients with "arrhythmogenic right ventricular dysplasia"
recently described by Marcus et al. (I) . The patient is male
with a long history of tachycardia with a left bundle branch
block configuration that began in middle age. Noninvasive
studies in our patient show only a dilated right ventricle
with no pericardial thickening, significant effusion or evi-
dence of left ventricular dysfunction . The findings do not
suggest the presence of concomitant ischemic, valvular,
pulmonary or pericardial disease, and are most consistent
with a localized myocardial process resulting in right heart
failure.
Results of electrophysiologic studies. Two provocative
electrophysiologic studies were performed 32 months apart
with very reproducible results. On neither occasion was the
patient's clinical arrhythmia inducible with single or double
programmed extrastimuli during sinus rhythm, despite test-
ing at two locations . Only when triple extrastimuli were
added to our testing regimen did he evidence reproducible,
inducible sustained ventricular tachycardia of the same mor-
phologic features as those of his clinical arrhythmia.
Although this patient did not have obvious late potentials
on his surface electrocardiogram as described by Marcus et
al. (I) and Frank et al. (2). we did not amplify his con-
ventional recordings . Intracardiac electrograms recorded at
the right ventricular apex were , however, prolonged and
fractionated . These are in contrast with the normal electro-
grams recorded from the right ventricular outflow tract and
are consistent with a focal abnormality . The behavior of the
late potentials recorded at the right ventricular apex is quite
similar to that described by Frank et al. (2).
Reentrant tachycardia. Reentry requires slowed con-
duction and unidirecnonal block (5). Although in this patient
prolongation of the right ventricular apical electrogram and
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Figure 5, Wenckebach behavior of the late potentials of the right
ventricular apical electrogram during ventricular techycardia in-
duced after the administration of quinidine gluconate. RYEapox- d,,1a1
= recording from distal electrodes of the catheter at the right
ventricular apex; RYE.pox- prox = recording from proximal elec-
trodes of the catheter at the right ventricular apex; other abbre-
viations as before.
Figure 6. After administration of aprindine hydrochloride and
Procan SR, right ventricular pacing at a cycle length of 440 ms
produces prolongation of the right ventricular apical electrogram.
The behavior of the late potentials is suggestive of Wenckebach
periodicity. Note the gradual delay of the late potential indicated
by (*) in the first five beats, followed by a 2:I pattern in beats 6,
7 and 8. Abbreviations as before.
late potentials were seen in association with increasing pac-
ing rates and prematu rity, it was only with triple premature
stimuli in sinus rhythm that refractoriness could be peeled
back sufficiently to permit adequate delay in the reentrant
circuit and initiation of the tachycardia. Induct ion of the
tachycardia was associated with marked prolongation of the
apical electrogram and essentially continuous electrical ac-
tivity at that location . Termin ation of the tachycardia was
possible with premature stimuli and was associated with
shortening of the apical electrogram. These responses strongly
suggest that this patient's tachycardia is reentrant and they
are in close agreement with findings in animal models (5, 6) .
Effect of antiarrhythmic drugs. Quin idine , procain-
amide and aprindine hydrochloride, all of which slow con-
duction and prolong ventricular refractoriness, produced
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further delay in the late potentials seen at the right ventric-
ular apex. After the administration of quinidine. stimulation
from the right ventricularoutflow tract initiated tachycardia
which, in contrast to the majority of the patient' s sponta-
neous and induced arrhythmias, had a positive axis. This
axis shift, as well as the ability to record Wenckebach ac-
tivity at the apex despite persistence of the tachycardia,
suggests that: I) the site of origin or epicardial escape of
this tachycardia may be somewhat distant (inferior) to the
recording site and the origin of the patient's more common
tachycardia, and 2) that the recording site was not an es-
sential part of the tachycardia circuit.
The Wenckebach pattern which emerged only after the
administration of antiarrhythmic agents , is similar to that
described by EI-Sherif et al. (6,7) in their canine model of
ischemicreentrant arrhythmias. This fatigueof the reentrant
pathway, while insufficient in this patient to prevent initi-
ation of ventricular tachycardia, did result in slowed con-
duction (increased cycle length) and increased ease of ter-
mination of the arrhythmia (by underdrive pacing).
Thus, there is evidence that the tachycardia in this patient
is the result of reentry localized to the right ventricular apex.
Should present therapeutic measures fail, he may be a can-
didate for surgical therapy, such as an encircling ventric-
ulotomy (8- 10) to mechanically interrupt his reentrant cir-
cuit. The diffuse nature of his right ventricular dysfunction.
however, may be a relative contraindication to such a pro-
cedure (10).
In summary, this patient represents a case of recurrent
ventricular tachycardia of right ventricular origin that. clin-
ically, is consistent with arrhythmogenic right ventricular
dysplasia. Electrophysiologic testing over a 32 monthperiod
has been strikingly reproducible and demonstrates slowed
conduction and virtually continuous electrical activity 10-
calized to the right ventricular apex. The responses of the
apical electrogram to programmed extrastimuli and antiar-
rhythmic drugs are consistent with the reentrant nature of
this patient's arrhythmia and haveprovided a guideto therapy.
We thank Steven Wolfson. MD. for referring this patient. Antomette Tyn-
dall. MSN. for help in performing the electrophysiologic studies and Ruth
Rosen for help In preparation of the manuscnpt
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